Long-term follow-up data on changes in sleep quality among middleaged adults is scarce. We assessed sleep quality in a population-based cohort (n = 4847) of twins born between 1945 and 1957 during a followup of 36 years, with four measurement points in 1975, 1981, 1990 and 2011. Sleep quality was categorized as sleeping well, fairly well, fairly poorly or poorly. The mean age at the beginning of follow-up was 24.0, and at the end was 60.3 years. Of all the adults, 71.1% slept well or fairly well at each time-point throughout the follow-up and 0.5% poorly or fairly poorly. The proportion of those sleeping poorly or fairly poorly increased linearly over time; 3.5% among both sexes at the start, and 15.5% among men and 20.9% among women at the end of the follow-up. The last survey indicated a strong association between self-rated health and sleep quality: sleeping poorly or fairly poorly was reported 15 times more frequently by those rating their health as fairly poor than by those rating their health as very good. There was a strong association between indicators of depression and poor sleep. Although many studies have reported increasing frequencies in sleep problems, our results, based on a long-term cohort study, indicate that the majority of people sleep well or fairly well. Sleep quality declines with age, but only a very small fraction of the adults in this long follow-up consistently slept poorly.
Long-term follow-up data on changes in sleep quality among middleaged adults is scarce. We assessed sleep quality in a population-based cohort (n = 4847) of twins born between 1945 and 1957 during a followup of 36 years, with four measurement points in 1975, 1981, 1990 and 2011 . Sleep quality was categorized as sleeping well, fairly well, fairly poorly or poorly. The mean age at the beginning of follow-up was 24.0, and at the end was 60.3 years. Of all the adults, 71.1% slept well or fairly well at each time-point throughout the follow-up and 0.5% poorly or fairly poorly. The proportion of those sleeping poorly or fairly poorly increased linearly over time; 3.5% among both sexes at the start, and 15.5% among men and 20.9% among women at the end of the follow-up. The last survey indicated a strong association between self-rated health and sleep quality: sleeping poorly or fairly poorly was reported 15 times more frequently by those rating their health as fairly poor than by those rating their health as very good. There was a strong association between indicators of depression and poor sleep. Although many studies have reported increasing frequencies in sleep problems, our results, based on a long-term cohort study, indicate that the majority of people sleep well or fairly well. Sleep quality declines with age, but only a very small fraction of the adults in this long follow-up consistently slept poorly.
IN TROD UCTI ON
There is increasing evidence that good sleep is important for health. Chronic sleep deficiency, defined as a decreased amount or quality of sleep or mistiming of sleep, is associated with many negative health outcomes, such as an increased risk of cardiovascular and metabolic diseases and, ultimately, shortened lifespan (Luyster et al., 2012) .
Most features of human physiology undergo age-related changes during the lifespan, including aspects of sleep. With advancing age, sleep becomes shorter, lighter and disturbed more easily by both external and internal factors. Usually, these changes are most evident on a group level, with considerable individual variation in each age group Vitiello, 2006) .
The factors associated with these age-related changes are manifold. They can be grouped into approximately two main types: factors reflecting normal ageing (Vitiello, 2006) and factors related to some disease, disorder or treatment of such (Luca et al., 2015) . This problem, however, does not belong exclusively to older people. Some studies suggest that the decline of sleep quality starts in young adulthood, continuing linearly until the age of 60, followed by a transient improvement (coinciding with retirement). Then, after the age of 66, subjective sleep quality appears to decrease again (Lemola and Richter, 2013) .
The majority of data on age-related changes in sleep are based on cross-sectional studies of different age groups (e.g. Dodge et al., 1995) and short follow-up studies (e.g. Pilcher and Ott, 1998) . We failed to identify any earlier studies of the same subjects with a long follow-up (> 10-20 years) and multiple surveys.
The primary aim of this study was to describe and analyse long-term patterns in sleep quality, using four time-points of measurement in a population-based cohort during a 36-year follow-up period. A secondary aim was to analyse the crosssectional associations between self-rated health status and sleep quality and between symptoms of depression and sleep quality, both measured at the end of the follow-up.
METHODS

Population sample
The Older Finnish Twin cohort is a longitudinal study of Finnish twin pairs of the same gender born before 1958 who were still alive in 1975 (Kaprio, 2013) . As these pairs were selected from the Central Population Registry of Finland in 1974, the cohort is population-based and its mortality does not differ from that of the general population. The first questionnaire was mailed in 1975, and the response rate was 89% (n = 26 367 twin individuals; Fig. 1 ). The second questionnaire in 1981 yielded a response rate of 84% (n = 24 506 individuals). The third questionnaire survey in 1990 was mailed to pairs born in 1930-57, both co-twins of whom were resident in Finland in 1987 (response rate 77%, n = 12,450 individuals). The fourth questionnaire was sent in 2011 to those who had participated in the three earlier surveys, who were alive with an address in Finland according to the Finnish national population register, and who were born in 1945-57. The response rate was 72% (n = 8501 individuals). The questionnaires included approximately 100 questions on demographic, social, health/illness and lifestyle variables. The number of sleep-related variables in the questionnaires varied, but sleep length and sleep quality were elicited in all four questionnaires (Paunio et al., 2009 (Paunio et al., , 2015 .
The present study consists of 4847 individuals (born in 1945-57, 57.4% women) who responded to the questions on sleep quality in all four questionnaires.
The study was approved by the ethical committee of the Department of Public Health, University of Helsinki. Informed consent was obtained from all respondents.
Questionnaire data
Information on sleep quality was obtained in 1975, 1981 and 2011 by asking: 'Do you usually sleep well?', with response alternatives of 'well', 'fairly well', 'fairly poorly', 'poorly' and 'I cannot say'.
The 1990 questionnaire did not contain the abovementioned question. Instead, it elicited the frequency of insomnia, using the question: 'How often do you suffer from insomnia?', with response alternatives of 'every night or almost every night', '3-5 nights a week', '1-2 nights a week', 'less than 1 night a week' and 'never or more seldom than once a month'. In the statistical analyses, the groups with the most frequent insomnia symptoms ('every night or almost every night' and '3-5 nights a week') were combined and categorized as sleeping 'poorly', and those with insomnia symptoms '1-2 nights a week' as sleeping 'fairly poorly'. If insomnia symptoms were reported as fewer than once a week, this was considered sleeping 'fairly well', and if never or less than once a month was considered sleeping 'well'. We checked to see how well the distribution of the transformed 1990 sleep quality measure matched the distributions of 1981 and 2011 (Tables 1 and 2 ). These seemed logical and in sufficient accordance with each other, so we retained the 1990 results in further analyses. Thus, we assessed sleep quality using an identical question in three of the four measurements, and in the third measurement we used a proxy based on the frequency of insomnia symptoms. Symptoms of depression were evaluated using the Center for Epidemiologic Studies Depression Scale (CES-D) selfinventory (Radloff, 1977) , and the 2011 questionnaire elicited the use of anti-depressant medication. Use of different medications including anti-depressants was elicited as follows: 'During the last year, on how many days in total have you taken the following types of medicine?'. The response alternatives were 'no use', 'less than 10 days', '10-59 days', '60-180 days' and 'more than 180 days'. Self-rated health status was assessed in 2011 by asking: 'How do you consider your current health status?'. Response alternatives were: 'very good', 'fairly good', 'average', 'fairly poor' or 'poor'.
The following variables were elicited (response alternatives in parenthesis) in the 2011 questionnaire: married (yes/no); working status (employed, self-employed, homemaker, retired, disability pension, farmer, unemployed); working time: 'is your present work or the work you last did mainly. . .?' (regular daytime work, regular night-time work, two-shift work without night shift, two-shift work with night shift, three-shift work, I have never worked); smoking status (four categories: never, occasional, ex-or current cigarette smoker) was determined based on a series of questions about smoking, while grams of alcohol consumed daily were based on selfreported average quantities of consumption of beer, wine and spirits, taking into account the average ethanol content of these beverages.
We assessed the stability of sleep quality by dividing the study population into two groups at each of the measurement points during the 36-year time span: those who slept well or fairly well and those who slept poorly or fairly poorly.
Data analysis and statistical methods
Standard statistical methods were used in data analysis to obtain descriptive statistics such as frequencies and proportions when comparing sleep quality groups, and these were implemented using the STATA package (version 13.1; Stata Corp, College Station, TX, USA, www.stata.com). The associations between indicators of depression and sleep quality were calculated using logistic regression and adjustment for age and sex. We computed odds ratios (OR) and 95% confidence intervals (CI) for sleep quality classes (reference sleeping well) for the top decile of the CES-D score (versus all other deciles) and any use of antidepressant medication. Similarly, we analysed the crosssectional relationship between sleep quality and self-rated health status. As the present work is primarily a descriptive study, we adjusted only for age and gender. Table 3 shows the polychoric correlations of the four measurements, indicating substantial stability of sleep quality over many decades. To eliminate possible selection, using the identical sleep quality question we checked for differences between the sleep quality distributions of the study population in 1975 and 1981 and those who did not respond to all three (1975, 1981 and 2011) questionnaires, but found no major differences (data not shown). Table 4 shows selected characteristics of the study population in 2011 questionnaire. Table 5 shows the distributions of sleep quality classes at each measurement point during the Cross-sectional analysis showed a significant gender difference in sleep quality in 1975 (P = 0.001) and 2011 (P < 0.001) but not in 1981 (P = 0.18) and 1990 (P = 0.50). Figure 2 shows the results regarding the stability of sleep quality. A total of 71.1% (74.0% of men and 68.9% of women) slept well or fairly well at each time-point throughout the follow-up, and 0.5% (0.7% of men and 0.4% of women) slept poorly or fairly poorly. Every sixth respondent (16.7%) slept well at all four time-points. The most common change within this group was from sleeping well in 1975, 1981 and 1990 to fairly well at the final time-point (21.5%). When taking into account only the three measurements with the identical sleep quality question (1975, 1981 and 2011) , 77.3% slept well or fairly well and 0.7% poorly or fairly poorly throughout the 36-year follow-up. There was a significant gender difference (P = 0.0001) in the stability of sleep quality, men generally sleeping better, but also more often three to four times poorly or fairly poorly. Poor sleep quality was significantly more common in 2011 than in 1975 (P < 0.0001).
RESULTS
The 2011 questionnaire included a subjective rating of the present health status. Of those rating it as very good, 43.0% slept well, 49.9% fairly well, 5.8% fairly poorly and 1.1% poorly. Of those rating their health as fairly poor, 10.9% slept well, 40.3% fairly well, 31.2% fairly poorly and 16.3% poorly.
There was a strong correlation between indicators of depression and sleep quality. Among those with the most symptoms of depression, the likelihood of impaired quality was statistically significant in all classes (fairly well, OR: 2.13, 95% CI: 1.60-2.84; fairly poorly, OR: 6.98, 95% CI: 5.16-9.44; and poorly, OR: 17.1, 95% CI: 12.1-24.3). Similarly, those reporting use of anti-depressant medication were at an increased risk of poor sleep (fairly well, OR: 1.51, 95% CI: 1.17-1.94; fairly poorly, OR: 2.87, 95% CI: 2.15-3.83; and poorly, OR: 6.39, 95% CI: 4.53-9.03).
DISCUSSION
The main result of this longitudinal, repeated-measures study with four time-points was that, subjectively, the majority of working-aged adults (approximately seven of 10) slept well or fairly well during a 36-year period. However, only approximately one of 200 people rated their sleep as poor or fairly poor at all four time-points of measurement. The percentage of those sleeping poorly or fairly poorly increased approximately fivefold from the mean age of approximately 24 to approximately 60 years. There was a statistically significant gender difference in sleep quality in 1975 and 2011, men generally sleeping better but also more often three to four times poorly or fairly poorly. The last survey indicated a strong association between self-rated health and sleep quality: almost half of those rating their health as very good slept well but, of those rating it as fairly poor, only one of 10 slept well. Sleeping poorly or fairly poorly was reported 15 times more frequently by those rating their health as fairly poor than by those rating it as very good. Similarly, those with , the present study's figures for poor sleep are not from the highest end of the spectre. However, when combined, the figures for sleeping fairly poorly and poorly at each of the four measurement points are on a comparable level with most other studies. In an earlier paper , based on the 1990 questionnaire with 12 500 participants aged 33-60, in which we used latent class analysis, the most parsimonious model produced three classes: good sleepers (48%), average sleepers (up to weekly symptoms, 40%) and poor sleepers (symptoms daily or almost daily, 12%). According to Morin and co-workers (Beaulieu-Bonneau et al., 2007) , subjective insomnia symptoms daily or almost daily indicate insomnia of a syndromic or diagnostic level.
Contrary to our results, many studies indicate that sleep quality has deteriorated in recent decades (Calem et al., 2012; Ford et al., 2015; Pallesen et al., 2014) . Similar reports also exist in Finland. A paper by Kronholm and co-workers (2016) was based on epidemiological data from two ongoing Finnish surveys , approximately 105 000 working-aged participants in total). It found that the prevalence of occasional insomnia-related symptoms had increased from approximately 20-30% at baseline to approximately 45%, but chronic insomnia symptoms only slightly (Kronholm et al., 2016) . This seems to be in conflict with the present results, but several factors may explain this difference. First, in the surveys on which the work of Kronholm et al. is based, sleep quality was assessed as the frequency of insomnia-related symptoms in a time perspective of 1 month, whereas our basic question was more general, and no clear restriction of time was assessed. As sleep can vary considerably over time, it is possible to suffer-even increasingly-from occasional insomnia-related symptoms and still consider one's sleep as generally (fairly) good. Secondly, in Kronholm et al., the surveys used random population samples; therefore, it was not a follow-up study but rather a series of cross- sectional samples. Our follow-up sample-especially with the more general assessment of sleep quality-may provide a more stable picture of the trend. Basically, it is interesting that two long-term studies using the same source population (but different study populations) yielded seemingly conflicting results: the majority of people slept constantly well or fairly well, but at the same time occasional insomnia-related symptoms increased considerably. Our opinion is that this can be explained mainly by methodological differences, and it underlines the fact that when looking at a study, it is important to consider both results and methods equally. A recent systematic review on the objective components of sleep quality, which assessed sleep continuity and architecture measures and naps, defined the criteria for good sleep in different age groups (Ohayon et al., 2017) . In many of the aspects considered, some impairment occurring with age was still assessed as being consistent with good sleep, e.g. increase in sleep latency and number of awakenings among older people (aged ≥ 65 years). In a polysomnographic study in a representative sample of women, the older women (aged 51-72 years) rated their sleep as good, although they had similar values in total sleep time, wake within total sleep time, sleep efficiency and number of awakenings to those of young women (aged 22-50 years) who rated their sleep as poor ( Akerstedt et al., 2016) . It was concluded that older women lower their objective criteria for good sleep. This probably, at least partly, explains the results that healthy elderly people (aged 65-99 years) rate their sleep as equivalent to or even better than young people (aged 19-28 years) (Zilli et al., 2009) . It has also been pointed out that the loss of consciousness during sleep makes individuals poor self-observers of sleep (Ohayon et al., 2017) .
The strong association between health and sleep quality was also clear in the present study. It has long been known that many patients with somatic or psychiatric disorders also suffer from insomnia. Not until the last decades have we learned that poor sleep quality or insomnia is not only comorbid with many disorders, but may also be a causative factor as shown in, for example, type 2 diabetes and cardiovascular disease (Luyster et al., 2012) . Thus, in clinical practice, it is important to evaluate sleep, as poor quality sleep may increase the risk of many common diseases, decrease the quality of life and impair patients' treatment responses.
The present study has several strengths. First, the followup time of 36 years is exceptionally long. We found no other long-term studies on sleep quality with a duration of the same order. Secondly, the study cohort is population-based, and therefore the results can probably be generalized to the population at large. Thirdly, longitudinal cohort studies provide a more reliable picture of age-related changes than a cross-sectional study or combinations of these.
An additional strength is that our question on sleep quality resembles one item in the nine-item Pittsburgh Sleep Quality Index (PSQI). This index has been shown to have strong reliability and validity and moderate structural validity in a variety of samples, suggesting that this tool fulfills its intended utility (Mollayeva et al., 2016) . Symptoms of depression commonly affect sleep. A study using PSQI, CES-D, actigraphy and sleep diaries in a non-clinical sample found good to appreciable correlations between other variables, but not between PSQI and actigraphic sleep variables (Grandner et al., 2006) . It concluded that sleep complaints may be more indicative of a general feeling of dissatisfaction than of any specifically sleep-related disturbance. The present study also found a strong association between poor sleep and symptoms of depression. What is less clear, however, is the direction of the temporal relation between poor sleep and depression. In a study using life dissatisfaction as a proxy for depression, poor sleep predicted a consistent pattern of life dissatisfaction, whereas life dissatisfaction did not predict poor sleep consistently (Paunio et al., 2009) . Regardless of the direction, effective treatment of insomnia is of major clinical importance.
Some limitations are also worth considering. The research frame enables possible selection. To control at least partly for this, we checked for differences between the study population and non-respondents not included in the study, and found no major differences in the responses to the question on sleep quality. Another issue is that one (1990) of the four questionnaires assessed sleep quality using a different question. However, the transformed measure seemed to be sufficiently in accordance with the original question and to only slightly dilute the main result (the majority slept well or fairly well throughout the follow-up) compared to using only the three questionnaires with identical questions on sleep quality. We cannot rule out that some fraction of the apparently age-related changes is in fact due to contemporaneous secular trends, such as the 24/7 society and changes in working life, including reduced physical strain and the increasing use of portable screen-based media devices.
In conclusion, our results indicate that sleep quality is relatively stable in the age range of 20-60 years, and that the majority perceived that they slept well or fairly well throughout the 36-year period with four time-points of measurement in this population-based cohort. However, the percentage of those with decreased sleep quality increased over time. There was also a strong association between self-rated health status and the quality of sleep: low sleep quality was clearly more frequent among those with poor health. More longitudinal studies with repeated measures of sleep and long follow-up times are needed to clarify these phenomena and associations.
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